The present study was conducted to determine the effects of feeding diets containing two levels of metabolizable energy (12.13 or 11.72 MJ ME/kg) and two different fat sources (sunflower-and fish-oil) with or without supplemental L-carnitine (0 or 50 mg/kg diet) on growth performance and carcass and meat characteristics of Japanese quails. Two hundred and forty day-old male quail chicks were randomly assigned to eight treatment groups, each subdivided into three replicates of 10 chicks. The chicks were raised from hatch until 5 wks of age. Feeding the diet containing 12.13 MJ ME/kg increases body weight and body weight gain significantly, and improved the feed conversion ratio above that of the lower energy diet. Feed intakes of the birds were unaffected by treatments. The cold carcass yield of quails fed the diet containing sunflower oil was significantly higher than those receiving the diets containing fish oil. After 35 days of feeding the diet containing the standard energy level (12.13 MJ ME/kg) the thigh yield of the birds was significantly higher than that of the chicks on the lower energy diet. Dietary treatments did not affect pH values of edible meat in the quails. Feeding diets containing sunflower oil and L-carnitine significantly decreased malonaldehyde (MA) amounts in the edible meat. The crude protein content of the edible meat fraction was significantly higher when the dietary energy level was decreased from 12.13 to 11.72 MJ ME/kg diet. Decreasing dietary energy levels significantly decreased the "L" (lightness) and "b" values (less yellow) of the meat, while dietary L-carnitine supplementation resulted in a significant increase in "L" value. The total edible meat of the quails on the diets containing fish oil had a higher "a" value (more red) than the quails receiving sunflower oil in their diets. It was concluded that additional studies are required to clarify the role of dietary L-carnitine in the oxidation of long-chain fatty acids, its antioxidant properties and its importance in energy metabolism in Japanese quails.
Introduction
L-carnitine (β-OH-γ-N-trimethylaminobutyric acid) is a water-soluble quaternary amine that occurs naturally in microorganisms, plants and animals (Bremer, 1983) . Its concentration in animals varies widely according to species, tissue type and nutritional status of the animal (Rabie et al., 1997a; b) . L-carnitine is biosynthesised in the kidneys and liver from lysine and methionine in the presence of ferrous ions and three vitamins, viz. ascorbate, niacin and pyridoxine (Bieber, 1988; Rebouche, 1991; Leibetseder, 1995) . Cereal grains and their by-products generally contain very little L-carnitine compared to feedstuffs of animal origin (Baumgartner & Blum, 1993) . However, these plant-based feedstuffs usually constitute the major portion of poultry diets, with the concomitant potential deficiency of carnitine in the diet.
The major metabolic role of L-carnitine is in facilitating the transport of long-chain fatty acids across the inner mitochondrial membrane for β-oxidation. It also facilitates the removal from mitochondria of shortand medium-chain fatty acids that accumulate as a result of normal and abnormal metabolism (Bremer, 1983; Borum, 1987; Rebouche, 1992; Mast et al., 2000; Matalliotakis et al., 2000; Harmeyer, 2002; Kita et al., 2002; Kidd et al., 2005) . Thus, dietary L-carnitine supplementation promotes the β-oxidation of these fatty acids to generate adenosine triphosphate (ATP) energy and improves energy utilisation and therefore body weight gain and feed efficiency, especially in young animals where synthesis is insufficient to meet endogenous requirements (Gropp et al., 1994; Janssens et al., 2000; Neuman et al., 2002) .
Materials and Methods
Two hundred and forty day-old male Japanese quail chicks (Coturnix coturnix japonica) obtained from a commercial hatchery were wing-banded, weighed and randomly assigned to eight groups, each of which was subdivided into three replicates of 10 chicks. From hatch until 5 wks of age the chicks were kept under uniform environmental conditions in wire cages equipped with nipple drinkers. Temperature was kept at 32 °C for the first week, 28 °C for the second week and 21 °C thereafter. A continuous lighting program was provided during the experiment. In a 2 x 2 x 2 factorial arrangement, the chicks were fed isonitrogenous diets containing two energy levels (a standard energy level of 12.13 MJ ME/kg or a lower level of 11.72 MJ ME/kg) and two different sources of fat (at 10 g/kg) rich in long-chain PUFAs (sunflower-or fish-oil) with or without supplemental L-carnitine (0 or 50 mg/kg diet). L-carnitine was in the form of Carniking (LONZA Ltd., Basel, Switzerland). The basal diets contained 8. 43, 8.70, 8.42 and 8 .59 mg L-carnitine/kg, respectively. The calculation of the L-carnitine content of these basal diets was based on the L-carnitine content in the ingredients used (Harmeyer et al., 1998) . The composition and the calculated nutrient content of the experimental diets are presented in Table 1 . The experimental diets were designed as: Diet I: Containing 12.13 MJ ME/kg and sunflower oil (SO) without L-carnitine (0 mg/kg diet); Diet II: Containing 12.13 MJ ME/kg and SO with L-carnitine (50 mg/kg diet); Diet III: Containing 11.72 MJ ME/kg and SO without L-carnitine (0 mg/kg diet); Diet IV: Containing 11.72 MJ ME/kg and SO with L-carnitine (50 mg/kg diet); Diet V: Containing 12.13 MJ ME/kg and fish oil (FO) without L-carnitine (0 mg/kg diet); Diet VI: Containing 12.13 MJ ME/kg and FO with L-carnitine (50 mg/kg diet); Diet VII: Containing 11.72 MJ ME/kg and FO without L-carnitine (0 mg/kg diet); Diet VIII: Containing 11.72 MJ ME/kg and FO with L-carnitine (50 mg/kg diet).
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Prior to diet formulation, feed ingredients were analyzed for crude protein (N x 6.25, CP), crude fat, starch and total sugar content, according to the methods of the AOAC (1984). Metabolizable energy of feed ingredients was calculated based on analyzed values of the ingredients (WPSA, 1989) . Except for energy level, all diets were formulated to meet the minimum nutrient requirements of Japanese quails (NRC, 1994) . The birds were fed a Japanese quail starter-grower diet from hatch to 5 wks of age. The experimental diets in mash form and drinking water were provided ad libitum. Sunflower oil was supplied by Orucoglu oil industry (Afyon, Turkey) and fish oil (Atlantic Salmon) by Camlibel Feed Industry (Izmir, Turkey). This study was conducted according to the guidelines of the Institutional Animal Care and Use Committee.
During the 35 d experimental period, the performance of the quails was evaluated by recording body weight gain, feed intake and feed conversion ratio. Individual body weights of quails were recorded at weekly intervals throughout the study. Feed intake for each of the replicate groups of each treatment was also recorded on a weekly basis. Feed conversion ratio was calculated weekly, as the amount of feed consumed per unit of body weight gain.
At the end of the experiment, 12 birds whose body weights were similar to the group average were selected from each treatment group and a total of 96 birds were slaughtered by severing the branchial vein. The carcasses were immediately plucked, processed (removal of head and feet), eviscerated (removal of gastrointestinal tract), weighed and then chilled overnight in a refrigerator (+4 °C). Measurements of carcass yield and carcass characteristics were done on the carcasses. Measurements included hot and cold carcass yields, carcass components (weights of eviscerated carcass, total edible parts, breast yield including bones, thigh plus drumstick including bones, breast meat yield and thigh plus drumstick meat yield, weights of some internal organs), abdominal fat content (as an absolute weight) and chemical composition of edible meat of quails (in terms of dry matter (DM), CP and ether extract contents of breast plus thigh meat). From one side of the breast and one thigh plus drumstick of each quail, meat (with skin) was excised and weighed separately. Edible parts of carcasses selected for nutrients analyses were homogenized using a blender with horizontal blades. Samples were frozen and stored in a freezer at -20 °C until further analyses. The carcasses were analyzed for DM, CP and crude fat according to the AOAC (1984) . Fat was extracted with ethyl ether using a Soxhlet apparatus. The weights of some internal organs (heart, liver and gizzard) were measured individually. The weights of these internal organs were expressed as an absolute weight. The hot and cold carcass yields were calculated as a percentage of the preslaughter body weight of the quails.
The colour of the meat after slaughtering was measured using a Minolta Chromameter Model CR-300 (Minolta Camera Co., Chuo-Ku, Osaka 541, Japan), with "L", "a" and "b" values. Higher "L" values mean lighter intensity, higher "a" values mean more redness and higher "b" values indicate more yellowness. The pH value of meat samples was determined after slaughter. The pH was determined by blending a 10 g sample in 100 mL distilled water for one minute, and pH was measured using a pH meter (Model Inolab pH level-1) (Ensoy et al., 2004) .
An additional 96 birds were selected and slaughtered to determine the extent of lipid oxidation. Individual carcasses were placed in a sterile polypropylene bag and stored in a non-illuminated refrigerated cabinet overnight at +4 °C. After that the carcasses were trimmed to obtain the breast and thigh meat by removing skin, bones and connective tissue. These deboned breasts and thighs were ground through 5 mm plates using a domestic rust-free steel meat mincer. The ground meat samples were wrapped in aluminum foil and stored at -18 °C for one month and then thawed overnight at +4 °C for the lipid oxidation analyses. The extent of lipid oxidation in the ground meat samples was assessed on the basis of the amount of malonaldehyde in the examined samples according to a spectrophotometric method (Tarladgis et al., 1960) . Ten g of sample were homogenized in a Waring Blendor with 50 mL of distilled water for 2 min. The mixture was then transferred into a Kjeldahl flask by washing with an additional 47.5 mL of distilled water and 2.5 mL of HCI solution was added to bring the pH to 1.5. A few saddle stores were added to prevent bumping. Assemble apparatus and heat flasks were maintained at the highest heat on the Kjeldahl distillation apparatus. After distillation of ca. 10 min from the moment boiling began, 50 mL of distillate were collected and 5 mL portions of the distillate were immediately pipetted into equal amounts of TBA reagent in 50 mL glass stoppered tubes. After stoppering the tubes, the content was mixed and immersed in a boiling water bath for 35 min. A distilled water-TBA reagent blank was prepared and treated like the samples. After heating, the tubes were cooled in tap water for 10 min. The optical densities of the samples were read against a blank at a wavelength of 530 nm. The absorbance was converted to mg of malonaldehyde per 1000 g of meat by multiplying by the factor of 7.8 (Tarladgis et al., 1960) . The data obtained from the experiment were analyzed statistically using the General Linear Model Procedure of SPSSWIN (1994) . Significant differences between treatment means were separated using the Duncan's Multiple Range Test with a 5% probability (Duncan, 1955) . 
Results and Discussion
The effects of feeding diets containing two levels of ME and two fat sources with or without supplemental L-carnitine on body weight, body weight gain, feed intake and feed conversion ratio of quails are summarized in Table 2 . Dietary treatments did not affect body weights gain, cumulative feed intakes and feed conversion ratio of the quails over the 28 d of the experimental period (P > 0.05) ( Table 2) . However, at 5 wks of age the body weights of the quails receiving the diets at the standard energy level (12.13 MJ ME/kg) were higher (P < 0.05) than that of quails on the lower energy diets, irrespective of dietary fat source, level of added dietary L-carnitine and no interaction among dietary treatments were measured. These results are in agreement with others reported for Japanese quails (Sarica et al., 2005) and broiler chickens (Cartwright, 1986; Barker & Sell, 1994; Rabie et al., 1997a; b; . Sarica et al. (2005) reported that level of supplementary dietary L-carnitine did not affect body weight of Japanese quail chicks between 0 and 35 d of age. Similarly, Cartwright (1986) 7 wks of age was not affected by supplementing the diet with 500 mg L-carnitine/kg. He also reported that six and seven week body weights were significantly heavier in broilers fed high energy compared to low energy diets. Barker & Sell (1994) reported that the supplementation of dietary L-carnitine at 0, 50 or 100 mg/kg diet did not influence the body weight of broiler chickens fed low-or high-fat diets. Rabie et al. (1997a; b) showed that L-carnitine supplementation to diets had no significant effect on body weight of broilers at the end of the experimental period. Likewise, pointed out that no significant differences were detected in the body weights of broilers fed diets supplemented with L-carnitine. As indicated in Table 2 , feeding the diet containing the standard energy level (12.13 MJ ME/kg) increased body weight gain and improved feed conversion ratio (P < 0.05) of the quails above those on the lower energy diet. Similarly, Rabie & Szilagyi (1998) reported significant reductions in body weight gain and deterioration in feed conversion of broilers over the experimental period when dietary energy level was decreased from 13.5 to 12.2 MJ ME/kg diet. In the present study feed intake of the quails was not affected (P > 0.05) by any of the dietary treatments (Table 2 ), in agreement with other research (Barker & Sell, 1994; Leibetseder, 1995; Rabie & Szilagyi, 1998; Lien & Horng, 2001; Xu et al., 2003) . Barker & Sell (1994) observed no effect of supplemental dietary L-carnitine at levels of 0, 50 or 100 mg/kg diet, on body weight Lien & Horng (2001) recorded that the supplementation of 160 mg of L-carnitine/kg did not significantly influence the growth performance of broiler chickens. Xu et al. (2003) found no significant differences in body weight gain, feed intake or feed conversion of male broilers fed a diet supplemented with 0, 25, 50, 75 or 100 mg L-carnitine/kg diet. Contrary to these findings, Rabie et al. (1997b) reported that dietary L-carnitine supplementation at three levels (50, 100 or 150 mg/kg) significantly increased body weight gain of broiler chickens compared with those on a basal diet. These inconsistencies between studies could be the result of differences in levels of L-carnitine supplementation, levels of methionine and lysine in the diets, differences in ingredients and ME levels, the sexes of birds and/or the physiological status of the birds. No mortalities were recorded during the present experiment.
Carcass yields and carcass components of the quails at 35 d of age are presented in Table 3 . Only limited information could be found in the literature on the effect of dietary L-carnitine supplementation on carcass yield or carcass components of poultry and other species. All carcass parameters studied except cold carcass yield and thigh yield were unaffected by fat source, dietary energy level or L-carnitine supplementation. Similarly, the interactions between dietary treatments were not significant for all carcass variables recorded except for cold carcass yield and thigh yield. The cold carcass yield of quails fed on the diets containing sunflower oil was higher than that of the birds on the diets containing fish oil (P < 0.05). At 35 d of age the feeding the diets at standard energy level (12.13 MJ ME/kg) resulted in significant higher thigh yields (thighs plus drumsticks with bones) compared with the quails receiving the low energy diets.
The results of the present study are consistent with those of others (Cartwright, 1986; Barker & Sell, 1994; Rabie et al., 1997a; b; Leibetseder, 1995; Lien & Horng, 2001; Kita et al., 2002; Arslan et al., 2004) . Cartwright (1986) found no significant effect on abdominal fat when L-carnitine was fed at.500 mg/kg diet from 5 to 7 wk of age. Barker & Sell (1994) reported that supplemental dietary L-carnitine (50 or 100 mg/kg) did not affect abdominal fat weight and breast meat yield of broiler chickens fed low-or high-fat diets. Leibetseder (1995) investigated the effect of carnitine and its precursors (methionine and lysine) in reducing the formation of abdominal fat in broiler chickens fed diets supplemented with 0 or 50 g fat/kg. He pointed out that abdominal fat content of broilers was not influenced by dietary carnitine supplementation (L or DL form) at a level of 200 mg/kg diet. Rabie et al. (1997a; b) noted that L-carnitine supplementation to broiler diets did not affect body weight at slaughter, absolute weights of eviscerated carcass, liver, heart, gizzard and giblets, breast and thigh yield and weight of total edible parts except abdominal fat pad weights. Lien & Horng (2001) demonstrated that supplementary carnitine did not significantly influence the abdominal fat pad and liver weight of broilers. Kita et al. (2002) also found that L-carnitine supplementation did not affect liver weights. Rabie & Szilagyi (1998) reported that dietary energy level, L-carnitine supplementation or the interaction between them did not affect heart, gizzard and giblets weights significantly. However, they found significant increases in breast and thigh meat yields and significant reductions in abdominal fat contents of broilers when supplementing L-carnitine. They also pointed out that a reduction in the dietary energy level from 13.5 to 12.2 MJ ME/kg in grower-finisher diets of broilers resulted in significant reductions in the 53 d body weight and concomitant decreases in weights of eviscerated carcass, liver, breast and breast meat yields, thigh and thigh meat yields, total edible parts and abdominal fat content of 53-d old broiler chickens. Lettner et al. (1992) , Xu et al. (2002) and Xu et al. (2003) found that the abdominal fat content was significantly decreased by dietary L-carnitine supplementation. Although the carnitine groups in the present study consumed more L-carnitine than the control group, it had no positive effect on carcass yield and components and abdominal fat content of the 35-d old quails. The level of dietary L-carnitine used, the fat sources, ME levels of diets as well as the physiological status, sex and age of the quails might have contributed to the present results. © South African Society for Animal Science BW -body weight at slaughter; EC -eviscerated carcass (cooled carcass weight without neck and abdominal fat); HCY -hot carcass yield; CCY -cold carcass yield; BY -breast yield; BM -breast meat; TY -thigh plus drumstick yield; TM -thigh plus drumstick meat; AF -abdominal fat; TEP -total edible meat (EC plus giblets; the latter includes the edible offal of the carcass, i.e. liver, heart and gizzard) * SO -sunflower oil; FO -fish oil a,b Means in the same column with like superscripts letters were not significantly different (P > 0.05) Pooled s.e.m. -Pooled standard error of the differences among (or between) means
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In theory dietary L-carnitine supplementation could play a role in reducing undesirable carcass fat in poultry. It is suggested that if dietary fat sources rich in long-chain fatty acids have been included in the diets at levels higher than 10 g/kg, and if different levels of L-carnitine were investigated, the role of dietary L-carnitine supplementation in energy metabolism might have been more evident, especially its effects on carcass parameters, abdominal fat content and ether extract contents of total edible meat of quails. The abdominal fat and ether extract contents of total edible meat of the quails might have been influenced by differences in the fatty acid composition of dietary fat because L-carnitine has a key role in facilitating the transport of long-chain fatty acids across the inner mitochondrial membrane for β-oxidation to generate ATP, thereby reducing their availability for esterification to triacylglycerols and storage in the adipose tissues (Rabie & Szilagyi, 1998) .
As shown in Table 4 , dietary treatments did not affect the pH of total edible meat in quails at any stage of the study (P > 0.05). No information could be obtain from the literature on the effect of dietary L-carnitine, ME levels and fat source on pH values of total edible quail meat. Table 4 The effects of feeding with the diets containing two metabolizable energy (ME) levels and two fat sources with or without supplemental L-carnitine on pH and MA amounts of total edible meat in quails Therefore, a significant effect of dietary energy level on MA amounts was not expected. However, dietary L-carnitine supplementation decreased (P < 0.05) MA amounts of meat compared to the control. Decreasing MA amounts of edible meat observed in the present study in response to L-carnitine supplementation might be attributed at least partly to an increased rate of the transport of long-chain fatty acids into the mitochondria. Dietary L-carnitine supplementation promotes the β-oxidation of these fatty acids to generate ATP energy and improves energy utilisation (Rabie et al., 1997b; Neuman et al., 2002) . Consequently, L-carnitine supplementation to diets reduces the amount of long-chain fatty acids availability for esterification to triacylglycerols and storage in the adipose tissue (Barker & Sell, 1994; Xu et al., 2003) . Table 5 The effects of feeding with the diets containing two metabolizable energy (ME) levels and two fat sources with or without supplemental L-carnitine on nutrient composition of total edible meat in quails Dietary treatments did not affect the DM, moisture, CP and ether extract content of the edible meat (breast plus thigh meat) of the quails at 35-d of age (Table 5 ). The CP content of the edible meat increased (P < 0.05) when dietary energy level decreased from 12.13 to 11.72 MJ ME/kg diet. These findings concur with that of other authors (Barker & Sell, 1994; Rabie et al., 1997b; . Barker & Sell (1994) carcass protein significantly decreased as dietary ME increased with the increase in dietary fat supplementation from 10 to 50 g/kg. Rabie et al. (1997b) reported that L-carnitine supplementation to broiler diets did not significantly affect the DM, CP and ether extract content of breast and thigh meat. showed that carcass DM, crude fat and CP content in broiler chickens were not significantly influenced by dietary L-carnitine supplementation. However, Xu et al. (2003) reported that the crude fat content in breast muscle of male broilers increased significantly upon the supplementation of 50 and 75 mg L-carnitine/kg diet. The effects of dietary treatments on "L", "a" and "b" values of quail meat are presented in Table 6 . An increase in dietary energy level from 11.72 to 12.13 MJ ME/kg diet increased (P < 0.05) the lightness and yellowness of the meat. The presence of xanthophyll in maize might have increased the yellow colour in the meat. Likewise, dietary L-carnitine supplementation resulted in a significant increase in "L" value. Such a response could be related to the inhibiting effect of L-carnitine supplementation on muscle myoglobin oxidation in the meat. The meat of the quails receiving the diets containing fish oil was significantly more red (higher "a" value) than those of quails fed the diets containing sunflower oil. Other dietary treatments except the fat source did not affect the "a" value of meat. Fish oil contains astaxanthin, a naturally occurring carotenoid red pigment. This is a powerful biological antioxidant protecting cell membranes, cells and tissues against lipid peroxidation. The present result could be attributed to the astaxanthin content of fish oil. There was a significant reduction in the "b" value (less yellow) of quail meat when the dietary energy level was decreased from 12.13 to 11.72 MJ ME/kg diet.
Conclusions
The feeding of diets with a standard energy level (12.13 MJ ME/kg) significantly increased body weight, body weight gain and improved feed conversion ratio and inhibited myoglobin oxidation by increasing the yellow colour of meat in Japanese quails compared to the low energy diets. The diets lower in energy level significantly increased the CP content of total edible meat of the quails. Use of fish oil with supplemental L-carnitine in quail diets or feeding diets containing sunflower oil significantly increased the shelflife stability of meat.
Further investigations are required to identify the role of L-carnitine in the oxidation of long-chain fatty acids, its antioxidant properties and importance in energy metabolism. The effects of L-carnitine when feeding diets with higher levels of dietary fat on the fatty acid composition of quail meat, the activity of antioxidant enzymes in carcass parameters and serum, and changes in MA amounts, colour and pH values of meat under different storage conditions require further investigation.
